Introduction
Cough is the most immediate defense mechanism against aspiration. [1] It is a commonly encountered clinical belief that strong cough offers some protection from aspiration-related pneumonia, although there is little evidence available to support this. Data from our completed trial of respiratory muscle training in acute stroke (ISRCTN40298220) allowed us to examine the association between cough flow and pneumonia risk. We have previously shown that stroke leads to impairment of both voluntary and reflex cough. [2, 3] Here, we present an exploratory secondary analysis of trial data, examining whether higher peak cough flow (PCF) (indicating stronger cough) might be protective against pneumonia in stroke patients with swallowing problems. 3 
Methods
Data from 72 patients were available for this analysis. Study procedures have been detailed previously. [4] Briefly, we recruited adults within 2 weeks of stroke, and excluded patients with significant cardiac/pulmonary disease; neurological conditions other than stroke; orthopaedic conditions affecting respiratory mechanics; inability to cooperate; or signs of pneumonia at enrolment. Swallowing function was described according to standardised bedside swallow assessment. [5] We measured cough flow of volitional and capsaicin-induced reflex cough, using a calibrated pneumotachograph with full face mask. [4] Pneumonia was observed for 4 weeks following baseline assessment and determined from documented medical diagnosis.
Our analysis was hypothesis-driven, assuming the data structure of a longitudinal observational study and examining only the predictor PCF for outcome pneumonia. First, we stratified the sample according to aspiration risk and pneumonia, and conducted group comparison tests. Second, we used logistic regression to examine the association between PCF and outcome pneumonia in the unsafe swallow group. Third, we categorised patients in the unsafe swallow group in 2 groups of high and low voluntary PCF, using a threshold of 400 L/min; and we calculated the odds ratio for outcome pneumonia according to dichotomised PCF. All analyses were conducted using Stata®11.2 statistical software.
Results
Analysis of the sample stratified by aspiration risk showed that PCF of voluntary cough was significantly lower in patients who had unsafe swallow and who developed pneumonia (table To illustrate how application of a PCF threshold might inform pneumonia risk in clinical practice, we applied an informed, although somewhat arbitrary cut-off of 400 L/min to categorise patients into those with stronger and those with weaker voluntary cough. The small sample size is a limitation to this analysis. Although we maximised statistical precision by examining only one association of interest, which was defined a priori, studies with larger sample sizes are required to develop more sophisticated multivariable predictor models, which would also allow adjustment for other known risk factors of post-stroke pneumonia. [6] Further limitations to this analysis are trial eligibility criteria, which may have introduced selection bias not present in observational studies on consecutive patients. Respiratory muscle training in the intervention group may have affected the incidence of pneumonia, but this is unlikely as the trial showed no effect of these exercises on PCF compared with control patients. Although criteria based, pneumonia was physician diagnosed, but detection bias is unlikely as physicians were masked to allocation and to baseline assessments. Any future study of PCF and pneumonia risk would benefit from robust methods for diagnosing pneumonia. [7] In particular, the potential for diagnosis to be influenced by the diagnosing physician's subjective assessment of cough strength needs to be considered. 
